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Zing allpy bath for hot-dip galv&nn^a? Ittg off steel 



•Ehe present invention relates to a hot-dip coating* bath, 
composition suitable for galvannealing steel sheet/ in 
5 particular on coating lines manufacturing alternatively 
galvanised and the galvannealed products. 

Gaivannealed coated products are well known to the automotive 
industry as product with excellent properties. Weldability and 
10 paint adhesion are particularly good. Nevertheless, market 

needs result in that most coating lines produce alternatively 
galvanised and galvannealed products. 

During- continuous hot-dip galvanising of steel sheet, a bath of 
15 molten zinc is employed. Prior to entering the bath, the sheet 
typically undergoes a preparatory heat treatment in a furnace 
with a reducing atmosphere. A so-called snout makes the 
connection between this preparatory furnace and the coating 
bath. After passing through the bath, the desired coating 
20 thickness is obtained by means of air knives - 

When galvannealing is contemplated, the steel sheet undergoes 
an additional heat treatment in an annealing furnace so as to 
perform the diffusion of Fe into the Zn coating- This heat 
25 treatment is applied immediately after the hot-dip step and the 
operation of the air knives. 

For the manufacture of galvanised as well as galvannealed 
products, Al is typically added to the molten zinc bath for 
30 controlling Fe-2n alloy growth during the passage of the steel 
sheet through the bath. The Al forms an intermetallic FezAlsZn^ 
layer at the steel/ zinc interface. According to the Al 
concentration in the bath, the intermetallic layer partially or 
fully inhibits the Fe-Zn reaction. 
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For the production of galvanised steel, 0.16 to 0*3 wt,% Al is 
normally used, This relatively high concentration ensures the 
formation of a dense intermetallic Fe 2 Al 5 Zn* layer, effectively 
5 inhibiting the formation of any Pe diffusion into the Zn 
coating and thus the formation of a Zn-Fe alloy. 

Xhe main advantage of this relatively high concentration of Al 
is that the formation of Fe-Zn compounds is avoided, l&e 

10 surface quality of the product is therefore excellent and the 
bath remains free of bottom dross, i,e. intermetallic Fe~Zn 
compounds which form at lower Al contents in the bulk of the 
bath and which have a tendency to sink to the bottom. Some top 
dross r i-e- dross floating on the bath surface, is formed? this 

15 type of dross is however easy to deal with as it can readily be 
skimmed off from the surface. 

For the production of galvannealed steel however, a permeable 
inhibition layer is needed. Indeed, while the Fe-Zn alloy 

20 should not form significantly during the hot-dip step so as to 
allow for coating thickness control by the air knives, the Fe- 
Zn alloy should be rapidly obtained during the subsequent 
annealing step, to achieve this compromise , the amount of Al 
has to be kept at the relatively low level of 0.1 to 0.15 wt.%. 

25 An intermetallic layer of Fe 2 Al s Zn x is then obtained which 
partially covers the steel/ zinc interface. 

The compromise sought between formation of bottom dross at too 
low Al contents/ and the formation of a too dense inhibition 

30 layer at high Al content, renders the optimal Al concentration 
extremely critical. Moreover, the relatively low amount of Al, 
which has to be chosen, entails significant drawbacks. In 
practice, bottom dross formation is unavoidable and typically 
accounts for a very significant loss of Zru Further problems 

35 linked to the low Al concentration are: 
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- accelerates corrosion of the immersed equipment; 

- bottom dross entrapment ou the steel sheet; 

- deposition of intermetallic compounds on the immersed 
equipment, in particular on the rolls. 

5 

rtfhe Al concentration problem is further exacerbated when a 
manufacturer needs to switch between galvanising and 
galvannealing * Conventionally/ two different methods are used 
to cope with the need to change the Al content of the bath when 
10 switching between both processes. 

A first method is to provide two different baths- The drawbacks 
of this procedure are- the higher equipment cost and the reduced 
flexibility of the line. 

15 

A second method is to use a single bath and to change its Al 
content according to the particular process applied. Main 
drawbacks of this procedure are the unavoidable concentration 
inhomogeneities in the bath and the impossibility to maintain a 

20 high coating quality during process changes. "Ehe elevation of 
the Al concentration when switching from galvannealing to 
galvanising results in the conversion of bottom dross into 
floating dross ~ Floating dross particles are picked-up by the 
rolls in the bath and transferred to the surface of the sheet, 

25 producing pimples and print-through defects. 

WO0031311 describes a process whereby the same Al level of less 
than 0.15 wt.% is used when galvanising and galvannealing. As 
explained later, such a relatively low Al content entails 
30 significant drawbacks. Moreover , the decreased bath temperature 
needed to decrease the iron solubility is doubtfully feasible 
on a real production line. Also, the use of extra circulation 
in the bath, may enhance the dross pick-up by the rolls. 
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and JP3 166352 focus more on the mechanical design of the 
galvanising bath and on methods to remove the dross in order to 
solve tlie dross-related problems. 

5 Some authors describe possibilities to increase the alloying 
kinetics, especially by modifying the steel surface in order to 
enhance the Fe-Zn reaction after the breakdown of the Fe2Al 5 znx 
intermetallic layer, JP8291379 and JP4254530 describe the 
use of the so-called pre-oxidation and subsequent reduction, 
10 during which a reactive metallic surface layer is created. 

It is an object of this invention to provide for a Ztx alloy 
bath especially designed to overcome the above mentioned 
problems . 

15 

According to the invention, a process is provided for coating 
steel, comprising either the steps of; 

- galvanising a first quantity of steel by hot-dipping in a 2n 
• alloy bath; 

20 - switching to galvannealing, whereby a second quantity of 

steel is hot-dipped in the Zn alloy bath and the coated steel 
hereby produced is subjected to a thermal treatment in an 
annealing furnace; or, 

- galvannealing a first quantity of steel by hot-dipping in a 
25 Zn alloy bath and subjecting the coated steel hereby produced 

to a thermal treatment in an annealing furnace ; 

- switching to galvanising, whereby a second quantity of steel 
is galvanised by hot-dipping in the Zn alloy bath; ■ 

whereby the Zn alloy bath contains at least 0.16 wt% Al and is 
30 maintained at a constant composition. 



Xn this process, the Zn alloy bath may contain 0.16 to 0.4 wt.% 
Al and 0.05 to 0.35 wt.% Cr. 
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Preferably, the Zn alloy bath may contain 0-23 to 0.29 wt.% Al 
and 0.05 to 0-35 wt.% Cr, and more preferably at least 0,1 wt.% 
Cr. The remainder of the bath can consist of Zn and unavoidable 
impurities* 



Another embodiment of the invention covers a process for hot- 
dip galvannealing steel, cosqprising the steps of? 

- hot-dipping the steel in a Zn alloy bath; and, 

- annealing the thereby obtained coated steel, using a Zn bath 
10 containing 0.16 to 0.4 wt.% Al and 0.05 to 0.35 wt.% Cr. 

A further embodiment concerns the process of lowering the 
specific energy consumption of a furnace used for annealing a 
product which has been hot-dipped in a Zn alloy bath, by 
15 performing either one or both steps of: 

- lowering the surface temperature of the hot-dipped product in 
the annealing furnace; or, 

- lowering the residence time of the hot-dipped product in the 
annealing furnace, whereby Cr is added to the Zn alloy bath. 

20 Preferably, the loath contains, after addition of Cr, 0.1 to 
0.4 wt.% Al and 0.005 to 0.35 wt.% Cr. More preferably, the 
bath contains at least 0.05 wt.% Cr. The remainder of the bath 
can consist of Zn and unavoidable impurities . 

25 It should be noted that the mentioned concentrations correspond 
to the bulk analysis of the bath, i.e. including undissolved 
floating compounds. 

The addition of Cr thus changes the alloying kinetics during 
30 the galvannealing treatment by weakening the intermetallic 

layer present at the steel/zinc interface. This allows for a 
relatively high and uncritical Al concentration for the 
manufacture of galvannealed product. Although some top dross 
may be formed/ bottom dross, which is as explained above a 
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serious inconvenient, is avoided, Shis high Al concentration 
can be maintained constant for both galvanising and 
galvannealing . 

5 The invention also provides for the following additional 
advantages , 

For the production of galvannealed steel sheet, a certain 
specific energy input is needed during the annealing step to 

10 obtain the desired Fe-Zn alloying degree, in an existing 
installation, the annealing furnace may have become the 
limiting factor in the quest for a maximal line throughput. In 
such a situation, the present invention may be helpful: the 
enhanced diffusion rate of Fe allows for a lower annealing 

15 temperature for a given residence time, a shorter residence 
time for a given temperature, or a lowering of both the 
residence time and the temperature. 

Another advantage of the invention is appreciated .when dealing 
20 with steels normally rewiring an excessively high annealing 
temperature. This is the case e.g. for high- strength Si and p 
rich steels- The invented process accelerates the diffusion of 
Fe, thereby allowing for much lower and reasonable annealing 
temperatures „ 

25 

Finally, it should be noted that Cr is an ecologically 
acceptable element, in particular when present in its elemental 
form such as in an alloy. 

30 As a result of research carried out in order to resolve the 
above mentioned problems , the inventors have discovered that 
when Cr is introduced into a Zn-Al coating bath comprising Al 
from 0.1 wt-% to 0*4 wt.%, the inhibition layer is modified. As 
a matter of fact, it was discovered that this inhibition layer , 
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normally consisting in FeaAlsZn* intermetallic crystals located 
at the interface between the steel sheet and the Zn overlay, is 
changed, into a two-phased layer. In addition, it has been 
established that the composition of this two-phased layer can 
5 be classified into two different types, called Type I and Type 
II, as a function of the amount of Cr added to the Zn-Al 
coating bath. 

In a Zn-Al -Cr coating bath comprising Al from 0.1 wt.% to 0.4 
10 wt.% and Cr from 0.005 wt.% to 0.1 wt.%, the two-phased layer 
Type I is formed at the interface between the steel sheet and 
the Zn overlay. This two-phased layer Type I consists of both 
FezAlgZn* and CrZn 13 /CrZni 7 intermetallic crystals. These 
Cr2n 13 /Cr2n a7 intermetallic crystals are located in the FeaAlsZn* 
crystals or between the Fe^AlsZn* intermetallic crystals and the 
Zn overlay. 



15 



For the galvannealing- treatment of coated steel sheets, it has 
been noted that, in comparison with the Fe^AlsZn* inhibition 
20 layer, this two-phased layer allows a faster Fe diffusion into 
the Zn overlay. The most pronounced effects have been measured 
for a Zn-Al -Cr coating bath comprising Al from 0.22 wt.% to 
0,35 wt.% and especially from 0.23 wt.% to 0.29 wt.%, with Cr 
from 0.05 wt.% to 0.1 wt.%. 

25 

In a Zn-Al-Cr coating bath comprising Al from 0.1 wt.% to 0.4 
wt.% and Cr from 0*1 wt.% to 0.35 wt.%, the two-phased layer 
Type II is formed at the interface between the steel sheet and 
the Zn overlay- This two-phased layer Type II consists of 

30 FeaAlsZnx and CraAl 3 Zn* intermetallic crystals. These CrzAl^zn* 
intermetallic crystals are located between the Fe^Al s Zn x 
intermetallic crystals and the Zn overlay. This two-phased 
layer also allows for a faster Fe diffusion into the Zn overlay 
during galvannealing. The most pronounced effects have been 

35 measured for a Zn-Al -Cr coating baths comprising Al from 0.22 
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wt.% to 0.35 wt-% and especially from 0.23 wt.% to 0-29 wt,% 
and Cr from 0.1 wt.% to 0.35 wt.%. 



If Cr is added into a Zn-Al coating bath containing less than 
5 0.1 wt.% Air the intezmetallic crystals formed at the interface 
between the steel sheet and the zinc overlay are not modified . 
The same can toe observed when less than 0,005 wt.% Cr is added 
to the Zn-Al coating bath. 

10 If the Cr content is higher than 0.35 wt.% or the Al content is 
higher than 0.4 wt.% in the coating bath, it has been 
established that process or product problems occur, such as cr 
solubility problems. 



15 It has also been established that the two-phased Type XT layer 
is more effective during the galvannealing treatment than the 
Type I two-phased layer, allowing therefore the fastest Fe 
diffusion in the zinc overlay. Consequently, the optimal 
composition of the Zn-Al-Cr coating bath is as follows: from 

20 0.23 wt.% to 0.29 wt.% Al, from 0.1 wt.% to 0,35 wt.% Cr, the 
remainder being Zn, Fe and the unavoidable impurities. 

The amount of Pe diffused into the coating is a measure for the 
annealing reactivity. Typical values are in the range between 9 
25 and 11 % of Pe r corresponding to an Pe content in the coating 
of 4.5 to 5.5 g/m 2 for an assumed coating thickness of 7 iom. 

As a first example, annealing reactivity data is produced for a 
typical cold-rolled multi -phase steel with, in 0.12 C, 

30 0.12 Si, 1.5 am, 0-25 Cr and 0.2 Mo. The Fe content in the 

coating was determined for a classical galvannealing bath and 
for a bath according to the invention. Table 1 shows that a 
significantly higher reactivity is obtained with the Cr-bsaring 
bath according to the invention: the reactivity increases with 
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about 60 %, even thought a significantly lower annealing 
temperature was used. 



Table Is Annealing reactivity vs. bath composition 



Bath, (wt.%) 


Process 


Reactivity (g/m* Pe 
in coating) 


0.135 Al; no Cr 


20 sec. ; 550 °C 


4.11 


0.135 Al; 0.07 Cr 


20 sec- ; 530 °C 


6.70 



As a second 'example, annealing reactivity data is shown for a 
classical Ti-IF steel with approximately 0.002 wt.% C, 0.17 
wt.% Mn and 0.04 wt.% Ti, the other elements being the normal 

10 iiqpurities in steel- The annealing conditions were 30 sec. at 
480 °C/ which are typical for industrial lines. Figure 1 gives 
the Fe-content in the coating vs. the Cr- content in the coating 
bath. It follows that an increase of approximately 3 g/m 2 of Fe 
is obtained for each 0*1 wt.% Cr added to the bath f both for 

15 0-2 wt.% Al (a conventional galvanising bath) as for 0.13 wt-% 
Al (a conventional ga 1 vanne al ing bath) - The typical itdnimim 
level of 4.5 g/m 2 of Fe in the coating is thus reached, using a 
coating bath with 0.2 wt.% Al and a cr-content of at least 0.05 
wt.%. 2*bis cr-content is therefore sufficient to use a 

20 classical galvanising bath cotnposition in a galvannealing 
process - 



£0/U0 



nun xo;^ rAA 0<s 14 



HJoio ^y^-Jl 1 ™! „L L — ^ 28.08.2^002^ 16:05: 



10 

Claims 



l w Process for coating steel, comprising eitlier the steps of: 

- galvanising a first quantity of steel by hot-dipping in a Zn 
5 alloy bath; 

- switching to galvannealing, whereby a second quantity of 
steel is hot-dipped in the Zn alloy bath and the coated steel 
hereby produced is subjected to a thermal treatment in an 
annealing furnace; or, 

10 - galvannealing a first quantity of steel by hot-dipping in a 
Zn alloy bath and subjecting the coated steel hereby produced 
to a thermal treatment in an annealing furnace ; 

- switching to galvanising, whereby a second quantity of steel 
is galvanised by hot-dipping in the Zn alloy bath; 

15 characterised in that the Zn alloy bath contains at least 0.16 
wt% Al and that its composition is Jkept constant 

2- Process according to claim 1, characterised in that the Zn 
alloy bath contains 0.16 to 0-4 wt.% Al and 0.05 to 0.3S wt.% 
20 Cr 

3* Zn alloy bath for hot-dip galvannealing steel, 
characterised in that it contains 0,23 to 0.29 Al and 0-05 

to 0.35 wt.% Cr 

25 

4. Zn alloy bath for hot-dip galvannealing steel according to 
claim 3, characterised in that it contains at least 0.1 wt.% Cr 

5 . Zn alloy bath for hot-dip galvannealing steel according to 
30 any one of claims 2 to 4, characterised in that it further only 

contains Zn and unavoidable impurities 

6. Process for hot-dip galvannealing steel, comprising the 
strips of i 
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- hot-dipping the steel in a Zn alloy bath; and, 

- annealing the thereby obtained coated steel; 
characterised in that the Zn bath contains 0,16 to 0.4 wfc-% Al 
and 0.05 to 0.35 wt-% Cr, the remainder being Zn and 

5 unavoidable iinpurities 

7. Process of lowering the specific energy consumption of a 
furnace used for annealing a product which has been hot -dipped 
in a Zn alloy bath, by performing either one or both steps of: 

10 - lowering the surface temperature of the hot-dipped product in 
the annealing furnace; or, 

- lowering the residence time of the hot-dipped product in the 
annealing furnace; 

whereby Cr is added to the zn alloy bath 

15 

8. Process according to claim 7, characterised in that, after 
addition of Cr, the Zn alloy bath contains 0.1 to 0.4 wt.% Al 
and 0.005 to 0.35 wt .% Cr 

20 9. Process according to claim 8 r characterised in that, after 
addition of Cr, the Zn alloy bath contains at least 0.05 wt.% 
Cr 

10. Process according to claim 6 or any one of claims 7 to 9, 
25 characterised in that the Zn alloy bath further only contains 
Zn and unavoidable impurities 
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Abstract 



Zinc alln y bath for hot-dip galvannealing of steel 



5 The present invention relates to a hot-dip coating bath 
composition suitable for galvannealing steel sheet, in 
particular on coating lines manufacturing alternatively 
galvanised and the galvannealed products. 



10 The addition of Cr to the bath allows manufacturers to switch 
between galvanneling and galvanising using the same bath 
composition/ while the Al level is maintained at or above 0.16 
wt*%. 



15 The addition of at least 0.005 wt.% of Cr to the bath also 
allows to lower the annealing temperature and to shorten the 
residence time of the steel in the annealing furnace. 
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Figure 1: Pe-content in the coating- vs. the Cr-content in a 
bath with an AI level of 0.2 (o) and 0.13 wt% (♦) 
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